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Abstract: [Objective] Soil is composed of different size particles, and the properties of each particle and their spatial position in
the soil are different. However, prior studies focused on a small range of different aggregates or particle sizes. Thus, this study
aimed to investigate different carbon changes in each particle with a wide range and evaluate the role of the turnover and stability

of soil carbon for each particle in bulk soil. [Method] After collecting soil samples from subtropical broad-leaved forest, the soil
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particles (> 2 000, 2 000~250, 250~53, < 53, 53~20, 20~2, < 2 um) were obtained by physical fractionation. Moreover, the
mineralization experiment was carried out with the same soil weight for each particle and bulk soil to study the difference in
mineralization amount, carbon change trend and their relationship. Furthermore, after the dimension reduction of seventeen
variables, a composite characteristic index was considered for each soil particle by principal component analysis. [Result]
Although all soil particles were provided as the same amount for incubation to study their different carbon mineralization, their
proportion in bulk soil was used to simulate their summation and compare them with bulk soil. The calculated sum values in
cumulative CO2 emissions, total carbon, C/N, aromatic index, and free oxide iron content for all soil particles according to the
proportion of each particle in bulk soil are 95.0%~101.8% of the bulk soil. In addition, it was 132.6% and 116.7% for the calculated
sum values of the proportion of specific surface area and total pore volume in bulk soil. It was also observed that the cumulative
COz emissions of <2 um and 20~2 pm particles were significantly higher than those of other particles and bulk soil. The correlation
analysis showed that the cumulative CO2 emissions of bulk soil or particles were positively correlated with specific surface area,
total pore volume, total carbon, DOC, MBC, readily oxidized carbon, and free iron oxide, but negatively correlated with C/N.
Moreover, this correlation analysis would be altered when soil particles were considered as size group analysis rather than including
all. The factor analysis of seventeen indexes for each particle showed that the composite characteristic index was the highest for <
2 um and 20~2 um particles, which means they have the most role in bulk soil. [ Conclusion] Physical fractionation of bulk soil
facilitates the study by isolating the individual particle, but also amplifies the role of the individual, especially for <2 um and 20~2
um. These different results in soil particles and bulk soil suggest that the carbon change in bulk soil can be traced back to the
different changes in carbon in each particle and their relationships. The encapsulation of small-size particles (<2 pm and 20~2 pum)
by large-size particles or aggregation might be one mechanism for reducing carbon mineralization, which is conducive to
maintaining soil carbon stability or storage.

Key words: Subtropical forest soil; Physical fractionation; Carbon stabilization; Carbon mineralization; CO2 emissions
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K B FRIT 721 R e B S [ R4 3 B0k AN ] SOM. I AL HLH, R B Kk 4% - S ki A5 AL 1k
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FE LN B R URZ 1 CO,, (R RDIE - R B KRR i K CO, 10 o/ NEI B SR Ak

(<2mm) AHRKH CO, BRFNE, RGN 8~4mm Fl 4~2 mm FIEAAIN, A W, HIEA[F KRB
X H COr HRHITTBAA—, FIRe 5B R IA G —, F90 T AR AT e DARAS [F AR JORE fjk
PR 2 54 K.

TIE NN R, SANURS & LB R R D12, FLBR SRR FLAR /NG 56, 5 R
L AEDIS T BRI AT A R S G Rk, IR AT AR VS TERE R . A AL RIS N
XTI BURRRRE « AR [RPRLAR 3B R0k (1) 1 Jot S s i B (R AR 0 R e B R I A 38 . 25 1,

http://pedologica.issas.ac.cn



T B R

Acta Pedologica Sinica

ANTRIREAR L B RIORE A HLBR (R A0 T] RS2 IR BB NS 5 A I 5 Atk 22—, AN [RDRLAR 33 Rk Al 4 = R B
22 5T DA 7 L 3 R A [RDR AR - 90 7R A b (1A T B B M AR R (R IR ELAE A . SR, o I
F R (FRESRR) MEREEmE . REBEAL . Bk, ASCHMRFERAZZEBR (>2 000, 2
000~250+ 250~53. <53. 53~20. 20~2. <2um) [A W7 IR 5R 7, BT HRE VR
T K IR AZ LR

1 MRS

1.1 3%

WG ok A AR A R A BRI, iZH X R PR RS %, TSR 19.4°C,
BIREKE 1732 mm, FIYZKE 1466 mm, FHXTREE 81%, AF oA 277d; HEEAEKAE KGN
203, T 2019 4F 9 HIEZF MK (Castanopsis fabri), K21 50 mx50m Ju N, EE=AT5160,
AT R FBENLZ 5SS BORE, F HASE 3R E 0~15em 4, RAEE, BB WA, MR AME)
TR, B4 1 4 ClRAFEH, 4l 8 mm i, KT H.

1.2 LIRS H

KA AHAR . WA E G B0 BAHSS & ARSI T LI o 40, H508 7 PR
KifaK/Nh: >2000. 2 000~250. 250~53. <53, 53~20. 20~2. <2 um. EAAGEIMF:

(D BRFHEES LEFKRE 1:5 (wiv), FABEENA. BB 2h 5, BIFMHED AR5
187 AL E T HIEMET 2 em, SHTIRRERE A (60 -mL1) GEAREALFE FS-900N, H1ED.
W IVE MR, 3 2 000 pm G, FH 25 B 2K g 2 0 DX VTR SO Y _E>2 000 pm —H 3R .
TR Ak LI 250 pm R, 25 B K 2 0 I EH R R SRR | 2 000~250 pm 385
$i o

(2) B P b LIVEMOR, BATEKET 2 om &b, HHTREAEE (450 J-mLD) &4
B LIEVEMORARSET 53 pm G, A 25 B KA ER O X VO, SR | 250~53 pum 3385
$i o

(3) 'R TIBVEME A — 5 AT AR T %, 19 31<53 pm L BER0R . <53 um (W )45 6454050
045 53~20 pm 20~2 pm. <2 pum BRI, o LEEVEMIBER N 250 mL B0 E T, 1R 25 g MO
TR 15 min FRCERRIER, BOE R4S KBS ITE LI, R NIRRT, HIRE D
15min. R IXFEMERAE, BLOREED, KIKEG 13 min, 12 min A1 11 min, H T V0E>20 pm
WAL, = TF<20 pm Bk, YCEERRIDTIEA 53~20 pm Hki.

(4) EEERRER HIEEIFAIE 15°C A0 /7 150 g 850 5 min JFIRERFR, IALETF
IKBEBYUIE L A A NIRLRTE, BRSO, EE YR BERMITTIE N 20~2 pm kL. EEE I
£E 11 L HEEFRAE 15°C R L0 7 3900 g B0 30 min YCAEDTIE, $R15<2 pm Fiki.

R B A R RIEBURLEE AT AR TR, N B B R DR IR I  TH R S, >2
000 pm. 2 000~250 pm. 250~53 pm. 53~20 pm. 20~2 pm. <2 pm FORLFT LG5 508 14.2%. 18.2%-
9.8%- 22.2%- 16.6%- 14.5%, [FKZA 95.4%, W@ AFRAR T BERR 4. 2%, FLBIARR.
RIMAREEIRFR,  LLIE S A IR AR - S3 FUkE ) J A T A 2 o 25 5
1.3 ¥FRR

B A RN RS AR, ST 100 g JON 500 mL KR (A BE AT 55 75 00 . L IeRE
aifE 20°CHEIR AR TR (FLALEERE 5 T AR 40% A1 /K&K T, Tl
14d 5o N TIAIRIEGR Sy A ACEE . FE B0 A BERTA VR Tt H IR A MR B e, IE R
B FRAT TP MBI i 4 -3 b SR E TR (100 pL) o MRS Christensen PIFJRLS, X FlE FR B2 HE
A 100mL £ 7 /K5 10 g Brif & LR G R, §E RGN . A FEPRAR R0 B FR
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SRJG LR AT KA S IR B B ED T, %MW 3 h FEI RSN, FUCREER (&
AFERIEIHE 2 AR, FRIAAS T COL RS . 7ERS IR AR [F], SR B HCR, Baair A fLIsE
IR 25 B PRAL T U 85 7% I 55 77 A5 AN DR L3 B0R 1 T v M LB . T S A WL RN AR
VIR, T COy oAl R 5 RFHE &=
1.4 $EbRlE 518

(1) TR R E . 7E 105°CHT HIEREE S, RI\WKS BT HEKE; HIREKE
8240, RAMAIE, HEBRE K. BT IFESKEDS, L 100 HE . HemeERHRETTE S
#{X (Elemantar vario MAX CN, 8D Wl ; LIEFLRREL LR TAR S 3R FH FLIBRRE 23 AR L R T
1 (ASAP 2460 Version 3.00) ll5E; 75 & M:F5 % (Specific ultraviolet absorbance at 254 nm, SUVAzss) ¢
KA A-AT W Y EE T (UV-2450, Shimadzu, HAD I IR 254 nm AL ANRGAE,
RE S LR A U (DOC, Dissolved organic carbon) ¥ % 2 b it 845k, DOC R 0.5 mol-L-
'KoSO4 R HE HIEOK LN 4: 1D, IR % 3 0 5, 48 0.45um JEHEE , FE A P 7 H14%X (TOC-VCPH/CPN,
H ) J5E e DOC &8 . i B AR % — R R AN -7 TR AN - EE BRI AR B . BL (a3 g 20,

(2) THEHE CO MEM . I~ CO R, FIFSMEE (B AI1Plus AL, F1ED
SEo HEAZHUIT: %A 2m ) Poropak Q (80/100mesh) 1F4rEkE, i Fl kv st 2 B8 AL R I 2%

(PDHID) . FEAAUGE  JEAF F1 I B AAS DU #5352 23 1 B 70 120 A1 130°C, A AmAER S, KT
T g s R RRANPEES (ugkgldD: k
NEE, BUE 1.964; V ONEEFHRAAI (mL); m AFEE (kg): de/dt USRI 8] Py K 2 i I 1]
T ELRIE (ugmL! dD); T ARFREE (°C). BRIHEBCR R AAR P A8 R T (e UL
VE) e P B D T 45

(3) LIEEMEFAEHEA BRI E . RAWDERBKEZENE, K 1.00g LFET SomL H&EH, m
20 mL2.5 mol-L-"H2SO04, i /N 2F 105°C R 7 30 min, 8 % #0454, £ 4 500 r-min”! 20> 20 min,
B EiEW, BRI 20 mL 25 3 /KR EHE VRO, KPR EIERA I 0.45 um JERE, 1ZK AR
Y iEYERR T (labile pool I, LPI-C) . 5.0V PN 5k B W0 Bk 25 O B0k J5 T 60°CHET, FihN 2 mL13 mol-L-
'HoSOs HF £ B0, ZEiR R 200 rrmin 3% 10h, RJEWRHMEAN 1 mol- L 5, FAE 105°C Rl 3
h, BBEEOLEEC (FL), Bk LS 0.45 um JERE, /K@Y NG TR 1T (labile pool 11,
LPII-C) 22, LPI-C 5 LPI-C HEANERS B e, T3k Z: LPI-C A1 LPI-C, R NMEMEmKR

(Recalcitrant pool , RP-C). TIEFE AN (Readily oxidizable carbon, ROC) % K H KMnO4 &tk
?2[23]0

(4) LIERAEYAEYIERIMNE. WYY =R (Microbial biomass carbon, MBC) K H &1/ B 7% -
0.5 mol-L! BRRMNZ S, 1L LA WK AT (G E IR ik . 1 MBC A3 A: MBC=AEC/KC, =X
1,  ABC NEZALREZATBIEIUS AV S &R ZE: KC N MBC I 1%, 4 0.4520,

1.5 Girair

H Microsoft Excel 2010 1 SPSS 21.0 {1 % Hifa 3: 47 4b 3 . SR FH L[5 2 77 22 43 1 (One-way ANOVA)
KO AN AR A2 R S PR bR B () 22 R BB, 45 8B/ NEEZERIE (LSD), BEMKTEEN
P<0.05; Ztitfd A IBM SPSS Statistics 25, FFH TR A& BAR S (n=24). £:EH Origin 2022 3K
PESERG B BT SR S8 EEA R E R ZE (n=3).

0.45MPa. CO, Ir=A iRt 4R, F= kx
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Gz R A RPREAR - ERIORE ) 23 S AR 2 B G S PR BOE AT V- . AR SCRIAT SPSS #EAT Ry
o, EATTRTT 22 Bt TR 90778, AL FELE ZK

2 4 R

2.1 AFERAE LI RZE R

H2 1 AT, ANRDRLAR K /N R 3R 0RL DA 4 - B e R B B 22 57 o /R RN (<53
pum + 20~2 pm. <2 pm) FIFLBRAAR L HE R AR B2 T OOk AR B3R (>2 000 pm. 2 000~250 pm.
250~53 pm), A, F (<2 pm) BABRKMEFLBAFE LR TAR, RS TR S L
WU ORI HEAATT o <53 pm RIERURL I 05 A VE R BB ARAIC 17> 53 pm 838500k . AN [FPRLAT 388 Tk 4
T A A5 B B A BB AR RLAR S N PEAIS, 53~20 pm &A%, 28JE X Tt

2.2 AERLAE BN IR L E R

HH 1 AT, AS[RDREAR 3RO (1 FRf7 135 CO, RN E 2 R B3 (P<0.001), CO, RFHEKE
7E<2 pum F 20~2 pm 73 5% 53~20 pm HIEFRL T 71.4%F1 56.3%, 250~53 pm A1>2 000 um 73 714 <53
um IR 12.9%F1 8.2%. HLAL T ALK CO» RAHREE<2 um HHEFURH 2 e m, ARME
E 2 000~250 pm - IERORL . FH A [RRLAR - BERIURE IR & o5 P AR AR, T4 88 CO, BARHEE N
1 169.94 mg-kg', A4t (B 1) 199.8%; FF&IBEAIRIHE, HoN 4040 gkg'!, FSill4+
1 101.8%. CO» RFHE S LER A . BAFLBAARFN . ARANE &S BI RIEM G, 15 CO/N 2K
(K2,

# 1 25N FRAR R A A 1 R

Table 1 Basic physical and chemical properties of bulk soil and soil particles with different size

UREE iy IR AR = JipoA A £ TRALL 75 R4
Fractions Total pore Specific surface Total C Total N C/N SUVAzs, /(L-mg
/um volume area /(m2-g™) Ng'kg™") Ng'kg") m!, PLCih)
/(em?-g™")
>2 000 0.047¢ 20.59¢ 30.54+0.01¢c 2.51+0.03¢ 12.15+0.14b 0.54+0.03abc
2 000~250 0.039¢ 19.67¢ 30.18+2.95¢ 2.51+0.01¢ 12.01+1.15bc 0.55+0.05bc
250~53 0.023d 12.88¢ 26.76+0.04¢ 1.81+0.00e 14.77+0.03a 0.58+0.03a
<53 0.062b 30.99b 28.05+0.17de 2.48+0.02¢ 11.3140.05¢ 0.42+0.02d
53~20 0.036¢ 18.02d 20.71+0.23f 1.67+0.02f 12.39+0.01b 0.47+0.03cd
20~2 0.066b 31.38b 36.27+0.30a 3.04+0.05b 11.92+0.26bc 0.44+0.05d
<2 0.102a 48.03a 32.72+0.41b 3.21£0.03a 10.20+0.12d 0.40+0.05d
4=+ Bulk
0.043¢c 17.99d 29.51£0.09cd 2.43+0.02d 12.16+0.04b 0.48+0.05bed

soil

W RE/NE R R B — HbR AR A% e Sk 2 18] 25 5 52 (P<0.05); YU Jy P EEAR#EZ (mean=SD, n=3). Note: Different letters

represent the significant (P<0.05) difference between different size particles for the same index. The datum in the table are the mean + standard deviation

(mean £+ SD, n = 3).
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Oty 255 34, 0 ey %0 25 Ty, A Oy iy
iy 2
REHI1Z B Ek Different size soil particles REI12 1 BBk Different size soil particles

e A)VIB) 7 AR A L35 R B AN SR A HLBR I CO RARHE & B R [0 - BER /R A A LA L 3 Uz 1) 72 S . 2%
(P<0.05). T[], Note: A) and B) represent the cumulative CO2 emission of different soil particles based on soil weight and
organic carbon, respectively. In the figure, different letters represent significant difference among soil particles at P < 0.05.The
same as below.

Bl 1 ANFERLAR IR0 COx RARHEICR:

Fig.1 The cumulative CO2 emission of different size soil particles

1800 _ 1800
-~ y=14.623x +865.81 N y = 6446.1x + 89159
2 R2= 0.5202 °, ¥ R==0518 .
g)l 600 | P<0.001 D Z1600 | P<0.001 o2
= =
5 I 2
%.51400 L X 81400
= # 5
= B s
5 91200 B O1200 I
S Qe
S g CF
<1000 F 21000 |
s 3
3 s
(5]
£ 800 - . g = 800 - . g
0 20 40 60 0.00 0.05 0.10 0.15
Lk & AR Specific surface area /(m=3g™) JSFLBE AN Total pore volume /(cm3g?)
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1800
_Lsoo Y= 24.731X + 65926
‘:é) y = 35.511x + 188.54 . H; R== 0.3259 .
R2= 05107 . L1600 + P<0.01 d
B1600 - pegoo1 . g *
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B 2140 1 -2 1400
2E e
?:E < ﬁ, g
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Bk O1200 3 31200
Q9 S o °
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= £
21000 F100
3 3
5]
£ 500 \ \ \ \ | £ 800 , , , , , , , ,
15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
4Tk Total carbon /(g kg% T B8 A ALk Free iron oxides /(g kg)
N 1800 y = -70.989x + 20965
2 . R==0.16
21600 . P>0.05
= .
ez} % 4
.2 1400
o £
-S: 5
e} o [}
Bgé © 1200
O 2 s ¢
<
£ 1000 * .
3 :
2
[
800 , , , ,
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4 CIN

2 AFRAR B CO2 RARHIR 5 HBAL LR K< R

Fig.2 The relationship between the cumulative CO2 emission of different size soil particles and their physicochemical properties

2.3 ANFEpLAE EIEBRLE DOC AN L WER

I 3 A%, AERAE TERRL R DOC & 2R E R B EZ R BE (P<0.001). S5EFFHTH
b, B FR&E A EAN [FERLAE L3RI DOC & &34 53 4k, MAOM (<53 um. 53~20 pm. 20~2 pm.
<2um) i) DOC PR{RE A E T4 1 25.0%~138.7%, POM (>53 um) AT 41 46.5%~61.9%; H
MAOM (] DOC & & BRI HE4A KT POM. <2 um F1 20~2 pm H3EHik: ROC fx i, BT 53~20
um 3RS 5 62.2%1 82.5%. WFFCKBL, AR R 3PS 7R AT DOC AREFEHE] DOC B&1K
&, M ROC 5 CO, RFHMIE EAHIME (Bl 4).

gER IR, MR IR ER A B R MBC (B 5). BUSRIEIERTG, 4L MBC %A %57, HEAR
[ A% 3BT MBC Z8Ab IS R 257 1. Bk b, B9RaT. 5 &Rz L3R MBC 5 CO, EFE
JiE R IEAH e .
2.4 ANERIZE B K LPI-C. LPII-C 5 RP-C

BEFRIAIE], a5 R4 SRR PR V5 PR P M B AR A 22 K (] 6D LPI-C £E 53 ~20 pm. 20 ~2 pm.
<2 pm BEH0,  HHhnmE EE E R AR DN PR, > 2 000 pm. 2 000~250 pm. 250~53 pm. < 53 pm kL
) LPI-C WIBFAK, > 2 000 um S50k FEAKE: £ (6.7 g-kg). LPI-C & & 1ER 7% MR AL sh i (-
0.54~0.72 g'kg’), RP-C L5 LPI-C #i/x. ®fk I, CO, RFHEMES LPI-C M LPI-C 1AL 2 1E
M, 5 RP-C AL E 2 A (B 7.
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The readily oxidized organic C /(g kg%)

B 2 2 < 3 2 A B 2. < 3 2 S
24 gy, 0. SEEREN N 2, ¥ 2 o 30, 33 N N 2 2
0 0. s 2 2 < %, %0.. A5 2 2 “ <
Uiy 25%0; Vi o “ay o Vi, 250&1,, Sty “on My T
TEI1Z B Ek Different size soil particles AREAIFZ T BBk Different size soil particles
Bl 3 R [RIRLAR - 0N P Vi A LRSS 4 B A0 5 A A LS
Fig.3 The changes of DOC and ROC in different size soil particles after incubation
1800 1800
:.'; y = 0.6354x + 786.67 . ~ y = 0.6055x + 10185 .
3 = o R==0.3136
21600 Rp<ggf8 o* %‘,1 600 P<0.0L 3
E =
21400 i 51400
=g =
= o e £
210 | Z 51200 |
=9 =9
8% 8¢
2 1000 | E1000 [
=] g
o =1
® o
2 800 . . . . . , 2 800 , . . ,
0 200 400 600 800 1000 1200 = 0 200 400 600 800
BT ATV A WL AVETEA HUBR P (R =
Dissolved organic carbon before incubation /(mg kg) The decreased amount of DOC /(mg -kg'l)
1800
B
'; y =134.35x + 394.87 4
£1600 R==0.4939 H
= P<0.05
g 2
= 21400
5
=g
SQ1200 |
o3
kS|
>
5 1000 |
2
=
800 . . . . . . ,

10 15 20 25 30 35 40 45
AL P Readily oxidized carbon /(g kg%

4 AFRLAR LR CO, RMHELS DOC fl ROC [{2K 5
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